Spectroscopic observations obtained with the VLT of one planetary nebula (PN) in Sextans A and of five PNe in Sextans B and of several H  regions in these two dwarf irregular galaxies are presented. The extended spectral coverage, from 320.0 to 1000.0 nm, and the large telescope aperture allowed us to detect a number of emission lines, covering more than one ionization stage for several elements ( He, O, S, Ar). The electron temperature diagnostic [O ] line at 436.3 nm was measured in all six PNe and in several H  regions allowing for an accurate determination of the ionic and total chemical abundances by means of the Ionization Correction Factors method. For the time being, these PNe are the farthest ones where such a direct measurement of the electron temperature is obtained. In addition, all PNe and H  regions were also modelled using the photoionization code CLOUDY (Ferland et al. 1998, PASP, 110, 761). The physico-chemical properties of PNe and H  regions are presented and discussed. A small dispersion in the oxygen abundance of H  regions was found in both galaxies: 12 + log (O/H) = 7.6 ± 0.2 in Sextans A, and 7.8 ± 0.2 in Sextans B. For the five PNe of Sextans B, we find that 12 + log (O/H) = 8.0 ± 0.3, with a mean abundance consistent with that of H  regions. The only PN known in Sextans A appears to have been produced by a quite massive progenitor, and has a significant nitrogen overabundance. In addition, its oxygen abundance is 0.4 dex larger than the mean abundance of H  regions, possibly indicating an efficient third dredge-up for massive, low-metallicity PN progenitors. The metal enrichment of both galaxies is analyzed using these new data. one being the most complete survey with 25 H  regions detected. Hunter et al. (1993) studied large ionized gas structures outside normal H  regions, like shells and filaments generated by the action of massive stars through winds and supernova explosions. Spectra of four H  regions were obtained by Skillman et al. (1989), from which an oxygen abundance was derived. The brightest H  regions of Sextans B were first catalogued by Hodge (1974). Strobel et al. (1991) classified twelve H  regions, whereas oxygen abundance was derived for four Article published by EDP Sciences and available at http://www.edpsciences.org/aa or http://dx.
Introduction
Sextans A and Sextans B are both dwarf irregular galaxies (Ir V and Ir IV-V morphological types, respectively, cf. van den Bergh 2000, hereafter vdB00) with approximately the same V luminosity and located at a very similar distance (1.3 Mpc, Dolphin et al. 2003 for Sextans A and vdB00 for Sextans B). Their separation in the sky is also relatively small (∼10 degrees), which corresponds to about 280 kpc at the adopted distance. Moreover their velocity difference is only 23 ± 6 km s −1 . All these properties suggest a common formation for these two galaxies, probably together with NGC 3109 and the Antlia galaxy, also at a similar distance and location in the sky. Considering the mean distance of the four galaxies from the barycentre of the Local Group (LG), 1.7 Mpc, this Based on observations obtained at the 8.2 m VLT telescope (Paranal, Chile) operated by ESO (Proposal 072.B-0395) and at the 4.2 m WHT telescope (La Palma, Spain) operated by the Isaac Newton Group in the Spanish Observatorio del Roque de Los Muchachos of the Instituto de Astrofisica de Canarias. sub-group is located beyond the zero velocity surface of the LG (cf. vdB00) and can be considered the nearest external group of galaxies. Then these galaxies are particularly interesting as they represent a group of dwarf galaxies relatively isolated from giant galaxies.
In dIr galaxies, star formation is generally active, as shown by the conspicuous number of H  regions that they contain. There are several photometric and spectroscopic studies of H  regions in both galaxies. Photometry of H  regions in Sextans A was obtained by Hodge (1974) , Aparicio & Rodríguez-Ulloa (1992) , and Hodge et al. (1994) , the latter H  regions by Skillman et al. (1989) . Note, however, that these spectroscopic studies were generally not deep enough (except for one or two objects) to allow direct measurement of the nebular electron temperature via detection of the [O ] 436.3 nm line, causing an important source of uncertainty in the determination of their chemical abundances. Planetary nebulae (PNe) are known to be good tracers of intermediate-age stellar populations in galaxies. One PN was discovered in Sextans A by Jacoby & Lesser (1981) , and then reidentified by Magrini et al. (2003) . In Sextans B, five PNe are known (Magrini et al. 2002) . To date, no spectroscopic studies were done of these PNe.
As remarked by Mateo (1998) "No two LG dwarfs have the same star-formation history". This is true not only when comparing galaxies of different morphological type, luminosity, or mass, but also when comparing galaxies which are very similar in many aspects, as these two dwarf irregulars. In fact, in spite of a probable common origin, Sextans A and Sextans B show a different star formation history as indicated by the different amounts of stars in the various evolutionary phases, and also reflected in the different number of PNe and H  regions observed. Sextans A possesses a conspicuous old stellar population (10-14 Gyrs ago) and shows evidence for recent star formation starting about 1-2 Gyrs ago, whereas the amount of star formation at intermediate ages (2-10 Gyrs ago) was modest (see also Dolphin et al. 2003) . On the other hand, Sextans B exhibits a very strong star formation at recent and intermediate ages (1) (2) (3) (4) , together with a very old population (cf. Mateo 1998) . The different numbers of PNe, 5 in Sextans B vs. 1 in Sextans A, was interpreted by Magrini et al. (2002) to be consistent with the different star formation histories of the two galaxies for the age range covered by the PN progenitors, Sextans B showing a stronger star formation rate than Sextans A during the past 2-10 Gyrs. The different star formation history might imply a different chemistry. In this paper, we analyze the chemical content of Sextans A and Sextans B, presenting spectroscopic data of PNe, whose progenitors belong to old and intermediate age populations, and H  regions, representative of the youngest population.
The paper is organized as follows. Section 2 describes the observations and the data reduction. Section 3 presents the chemical abundances obtained for PNe and H  regions, and discusses the implications on the properties and evolution of the galaxies. In Sect. 4 the notable case of the PN in Sextans A is examined. The summary is in Sect. 5.
Observations and data reduction
All PNe known in these galaxies (1 in Sextans A and 5 in Sextans B) and a sample of H  regions (9 and 8, respectively) have been observed in December 2003 with the 8.2 m VLT (ESO, Paranal) equipped with the FORS2 spectrograph in multi-object spectroscopy (MOS) observing mode. Pre-imaging, needed to create the MOS masks, was first obtained through an Hα filter (central wavelength 656.3 nm, FWHM 6.1 nm) and a R filter (655/165.0 nm). The exposure times for each galaxy were 2 × 120 s in Hα and 2 × 10 s in R. In the continuum-subtracted Hα -R frames, emission-line objects were identified and their position used to build two MOS masks, one per galaxy.
Spectroscopy was then secured during four consecutive nights (22) (23) (24) (25) . The seeing during the observations was 0. 8. The MOS mask used to observe Sextans A contained 32 slits and the one for Sextans B 28 slits. The slits had a width of 0.8 , while their length varied from 3 to 25 , according to the size of the object to be observed and to the crowding of the area of the galaxy. The slits corresponding to compact objects like PNe were extended enough to include also some adjacent sky spectrum. Several independent slits were used to obtain sky spectra to be subtracted from those of extended H  regions, which completely fill their slitlets. Spectra were obtained using FORS2 with the 300V and 300I gratings, providing "blue" and "red" spectra with a total coverage from ∼320.0 nm to ∼1000.0 nm at a reciprocal dispersion of 0.3 nm pix −1 and an effective resolution of 0.6 nm. For each galaxy, a total of eight exposures were taken: three with the 300V grating (total exposure time 5400 s), three using the 300I one (3600 s), and also two short exposures for each grating (60 s) to avoid saturation of the most intense emission lines, as Hα and [O ] 500.7 nm. A spectrophotometric standard star, GD 108, was observed once in blue and red during two consecutive nights. The data were reduced using the IRAF LONGSLIT tasks and the MIDAS MOS and LONG packages.
Images
The Hα -R FORS2 images of Sextans A and Sextans B are shown in Fig. 1 . All PNe in Magrini et al. (2002 Magrini et al. ( , 2003 were re-identified, together with a number of known HII regions. Compared to previous studies (Hodge et al. 1994; Strobel et al. 1991) , several new unresolved Hα emission-line objects were found in both galaxies. When comparing their coordinates with the images in Magrini et al. (2002 Magrini et al. ( , 2003 , no associated [O ] emission was found, and therefore we do not consider them as new candidate PNe. We observed spectroscopically two of them, one in Sextans A and one in Sextans B, confirming that they are stars with a very strong Hα line in emission. A detailed analysis of these objects via colour-colour diagrams and spectroscopy will be presented in a forthcoming paper.
In Fig. 1 , all PNe and H  regions observed spectroscopically are marked with their identification numbers as in Table 1 for H  regions and as in Magrini et al. (2002 Magrini et al. ( , 2003 for PNe.
Spectra
An important feature of this spectroscopic study is the homogeneous set of observational data and analysis method used to measure chemical abundances for both PNe and H  regions.
Furthermore, the VLT allows us to obtain spectra which are deep enough to measure most basic diagnostic emission lines in spite of the significant distance of the galaxies. The elec- Table 1 for H  regions and as in Magrini et al. (2002 Magrini et al. ( , 2003 for PNe. It should be noted that although the observations were carried out at relatively low airmasses, the slits were not aligned exactly to the parallactic angle at the time of the observations: for Sextans A the mean difference between the parallactic angle and the position angle of the slits was 45 • and the mean airmass was 1.15, while for Sextans B they were 35 • and 1.25, respectively. This implies that, given the relatively narrow slit, some amount of light is lost especially in the blue end of the spectra due to differential atmospheric refraction. In order to estimate these light-losses for point sources like PNe, we have calculated the displacement, as a function of wavelength, of the centroid of an object from the midpoint of the slit along the direction perpendicular to its length, using the figures in Filippenko (1982) . In doing so, we consider that sources are well centred at Hα, which is the passband at which acquisition images were taken to centre objects in their slitlets for spectroscopy. We have then calculated the amount of light lost (relative to that at Hα) because of these displacements from the slit centre, assuming a Gaussian point-spread functions with a FWHM which is the seeing of the observing night, and including seeing worsening toward bluer wavelengths.
As expected, the differential light-losses are negligible in the red side of the spectra, while become as large as 75% for Sextans A, and 90% for Sex B, at the shortest wavelength that we consider, which is that of the [O ] 372.7 doublet. At Hγ, they become as small as 20% and 25%, respectively. We have applied these correction factors to the fluxes of blue lines, and attached an associated error of one third of the correction factor, which is propagated in all quantities (ionic abundances, ionization correction factor) derived using the blue lines. Note that the correction for the interstellar reddening applied to the spectra would by itself at least partially compensates for the atmospheric refraction, by "forcing" the Balmer lines to have the theoretical unreddened flux ratios (although with an estimated extinction value c β larger than the real one). Thus for Sextans A the difference between the observed fluxes and the refraction corrected fluxes, both after the reddening correction, amounts to 50% at the wavelength of the [O ] 3727 doublet and negligible at Hγ for Sextans A, and of 60% and 10%, respectively, for Sextans B.
In addition, it is important to note that these quite large corrections at the bluest wavelengths do not affect significantly our chemical analysis. In fact, the oxygen total and ionic abundances of the PNe where the [O ] 372.7 lines were measured change only by a factor much smaller than 0.1 dex, with respect to the values calculated using the observed fluxes. Moreover, once the fluxes were corrected for the effect of the atmospheric refraction, we analyzed the differences of O + /O derived from either the [O ] 372.7 or 733.0 lines, in those PNe which have both doublets measured. The differences resulted to be less than 15%, which implies in the worst case, i.e. in the PN of Sextans A, a difference in the total oxygen abundance of only 0.05 dex.
For extended objects like H  regions, the effect of atmospheric dispersion is in principle more complex, because light is lost from one side of the slit but is "gained" from the other side. However, the extension of the spectra along the slit length does not show significant changes in surface brightness and excitation on scales of ∼1.5 arcsec (after seeing convolution), which is the size of the displacement due to the atmospheric dispersion. Assuming that the HII regions are also similarly homogeneous in the direction perpendicular to the slit at these scales, then the effect of the atmospheric dispersion is negligible at all wavelengths, and therefore no corrections have been applied to the observed nebular spectra.
Line fluxes and their errors are listed in Tables 2 and 3 . Errors include the contributions of background noise, sky subtraction, and flux calibration uncertainties. In the case of PNe, errors include the correction for the atmospheric dispersion were applied; they range from 40% at 370 nm to less than 1% at 500 nm.
Finally, the observed line fluxes were corrected for the effect of interstellar extinction, adopting Mathis (1990) law with R V = 3.1. c β , which is the logarithmic difference between the observed and de-reddened Hβ fluxes, was determined comparing the observed Balmer I(Hα)/I(Hβ) ratio with its theoretical value. For the spectra with the higher signal to noise ratio, we considered also the comparison between the observed and theoretical Balmer I(Hβ)/I(Hγ) and I(Hγ)/I(Hδ) ratios. In these cases c β is the weighted average of the three determinations.
Radial velocities
High-resolution spectroscopic data of three PNe of Sextans B were taken on April, 2002, with AF2/WYFFOS, a multi-object, wide field, fibre spectrograph working at the prime focus of the 4.2 m WHT (La Palma). We used the Echelle grating with a central wavelength of 493.0 nm and a reciprocal dispersion of 0.028 nm/pixel. The total exposure time was 5400 s. The reduction was done with the IRAF DOFIBER package.
The high resolution WHT spectra allowed us to measure the Doppler shift of the [O ] doublet lines, and in one case also of Hβ, in three PNe of Sextans B, namely PN 1, PN 4 and PN 5. The heliocentric radial velocities are listed in Table 2 . They are consistent, within the errors, with the heliocentric radial velocity of Sextans B (300 km s −1 from NED) and with the H  observations by Huchtmeier et al. (2003) , confirming that the PNe belong indeed to the galaxy.
Chemical abundances of planetary nebulae and H II regions

ICF method
Chemical abundances were derived from the spectra by means of Ionization Correction Factors (ICF) method, following Kingsburgh & Barlow (1994) , with evaluation of the errors as in Corradi et al. (1997) and Perinotto & Corradi (1998 They found a linear relation between these two quantities, as expressed in Eq.
(3) of their paper. The PN of Sextans A, which is a very high excitation object, follows this relationship.
The [S ] near-infrared emission lines were detected in 4 PNe and 12 H  regions. These lines allow a better accuracy in the measurement of sulphur abundance, especially at low metallicities where [S ] lines are extremely faint. 
Ion
SexA
22 300 ± 1000 12 800 ± 2000 16 000 ± 3000 20 000 ± 2000 11 300 ± 3000 12 800 ± 1000 
19. ± 2 --5 : 5 : 1 7 : Symbols are as in Table 1.   SexA  HSK2  HSK3  HSK7  HSK9  HSK14  HSK16  HSK19  HSK23 HSK24 
Modelling with CLOUDY
PNe and H  regions were also modelled using the photoionization code CLOUDY 94.00 (Ferland et al. 1998) , assuming a blackbody central star with effective temperature derived using the Ambartsumian's (1932) or Gurzadyan's (1988) Magrini et al. (2004) , who applied it to seven bright Galactic PNe using only the emission lines typically present in extragalactic PN spectra, and compared the results with the chemical abundances obtained with the ICF method by KB94. A good agreement was found in the helium and metals abundances. For further details on the modelling procedure see Magrini et al. (2004) and Perinotto et al. (2004a) .
Results
The chemical abundances derived for the current sample with the ICF and CLOUDY methods are in general agreement with each other, showing the following rms differences in both galaxies: , the comparison between the results of ICF and CLOUDY methods shows that the mean contribution of neutral helium is smaller than 20%. This relatively small contribution makes unnoticeable the difference between the two results within our present errors. According to the definition by Kingsburgh & Barlow (1994) for Galactic PNe, the PN in Sextans A would be classified as a type I PNe in the Peimbert scheme (log (N/O) > -0.1), while all PNe in Sextans B would be non-Type I. However, it is clear that this distinction is hardly applicable to extragalactic PNe, which span a much larger range of metallicities.
The modelling with CLOUDY also allowed us to estimate some stellar parameters as the luminosity and temperature of the exciting stars, as described by Magrini et al. (2004) . We remind briefly how T and L were computed in the modelling with CLOUDY. The luminosity of the central star was set to reproduce the observed absolute flux of the [O ] λ5007 nebular line, measured by Magrini et al. (2002 Magrini et al. ( , 2003 via aperture photometry, and reddening-corrected, while the BB T was set to match the He /He  line ratio.
Using these parameters, the PNe were located in the log T − log L diagram and compared with the available H-burning and He-burning evolutionary tracks for Z = 0.004 from Vassiliadis & Wood (1994) , as shown in Fig. 8 . The obtained T and log (L /L ) are reported in Table 7 . Typical errors obtained with the CLOUDY modelling are of the order of 0.15 for log T and of 0.25 for log L .
The mass of the core of the PN in Sextans A is distinctively larger than for the PNe in Sextans B, and would imply a progenitor initial mass of ∼2-3.5 M , using the initial-to-final mass relation adopted by Vassiliadis & Wood (1994) . The relatively large mass of the progenitor is also typical of type I Galactic PNe (Corradi & Schwarz 1995) .
The PNe of Sextans B can be instead associated with less massive cores. Among them, PN 5 seems to have the most massive one. Note, however, that the metallicity of Sextans A and Sextans B, 0.001 and 0.002, respectively, is significantly lower than for the models of Vassiliadis & Wood (1994) , and therefore evolutionary tracks for such low metallicities would be needed for a deeper analysis. From Fig. 8 and the initial to final mass relationship used by Vassiliadis & Wood (1994) , we find that the central stars of Sex B PNe had initial masses between 0.9 and 1.5 M . Stars with these masses and with an initial metallicity Z = 0.001 were born between about 10 and 2 Gyr ago (cf. Charbonnel et al. 1999 Charbonnel et al. , 1996 . As the mean oxygen abundance of PNe in Sextans B is equal, within the errors, to that of H  regions, this would mean that no noticeable chemical enrichment has occurred in the galaxy since long time ago.
Comparison with previous determinations of chemical abundances
In Sextans A, Skillman et al. (1989) Mateo (1998) . We used the solar abundances from Grevesse & Sauval (1998) Ne/H × 10 5 9.0 ± 5.0 2.4 ± 1.3 3.5 ± 1.9 8.9 ± 5.0 4.4 ± 2.6 1.8 ± 0.6 9.5 ± 5.0
S ++ /H + × 10 7 6.0 ± 1.0 6.0 ± 1.7 3.2 ± 0.9 3.5 ± 0.9 4.9 ± 1.2 7.5 ± 2. 6.50 ± 1.6 ICF(S) 1.3 1.1 1.1 1.4 1.25 1.1 1.5 S/H × 10 7 9.2 ± 2.0 8.0 ± 2.0 5.7 ± 1.3 7.2 ± 1.6 7.8 ± 1.9 11.6 ± 3. 12.2 ± 3.
Ar ++ /H + × 10 7 1.0 ± 0.3 0.7 ± 0.2 0.8 ± 0.2 0.8 ± 0.2 1.1 ± 0.3 3.2 ± 0.4 0.5 ± 0.1 ICF(Ar) 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Ar/H × 10 7 1.9 ± 0.7 1.2 ± 0.5 1.5 ± 0.5 1.5 ± 0.5 2.1 ± 0.7 5.9 ± 2. 0.9 ± 0.3 derived 12 + log O/H = 7.47 ± 0.16, in agreement with our value 7.5 ± 0.2. They also observed the same H  regions for which we derived chemical abundances with the ICF method, SHK1, SHK2, SHK5, finding 12 + log O/H 7.50 ± 0.08, 7.55 ± 0.06, 7.84 ± 0.05, respectively. These values are similar to our ICF determinations: 7.5 ± 0.1, 7.5 ± 0.1, 7.7 ± 0.1.
Relationships between chemical abundances
The relation between He/H and N/O is shown in Fig. 9 , where the observed chemical abundances of PNe are compared with new models by Marigo (2004, private communication) one of them, PN 5, is in better agreement with the model with Z = 0.004 and a progenitor with initial mass of about 1.5 M , in agreement with the result obtained with the evolutionary tracks ( Fig. 8 ). Note however that the mean metallicity of Sextans B is Z = 0.002. Figure 10 shows the relationship between N/O and N/H for PNe in several nearby galaxies. This relation is well defined for PNe with a slope near to unity, suggesting that the increase of N/O with N/H is due to the increase of N, without modifying the oxygen abundance through the ON cycle. Theoretical predictions of N/O vs. N/H for different masses of the progenitor stars and metallicity (Groenewegen & de Jong 1994 for the LMC metallicity, and Marigo 2001 for Z = 0.004) are also shown. The theoretical predictions of Groenewegen & de Jong (1994) , shown by the solid line in Fig. 10 , and of Marigo (2001) , the dashed line, do not extend to the low metallicities of Sextans A and Sextans B. Because of it, we can only say that models, in particular those of Marigo (2001) predict the deviation from the linear relationship of Henry (1989) that the observations of PNe in Sextans B and in the Magellanic Clouds suggest at the lowest metallicities. From the figure there is no indication of oxygen enrichment for PNe with low metallicity and very low mass progenitors (M < 1.3 M ), as also predicted by theoretical models of Marigo (2001) . The location in the diagram of the Sextans A PN is a clear indication of a large nitrogen production, as expected from its higher mass progenitor, while oxygen production is not evident from this diagram. Figure 11 presents the relation between O/H and Ne/H. It is usually believed that the progenitors of PNe do not produce significant amount of oxygen and neon during their lifetime. In fact, the abundances of these two elements seem to vary in lockstep, where the slope of the log-log relation is very close to unity (cf. Henry 1989). This behaviour is essentially the same for H  regions and it seems independent of the host galaxy. In Fig. 11 the solid line is the fit built with a sample of 157 PNe in the Galaxy, LMC, SMC and M 31 taken from Henry (1989) . The dotted lines are placed at a distance of ±1σ from the fit, and the dashed lines at ±3σ, where σ = 0.1 dex. The PNe and the H  regions of Sextans A and Sextans B appear to follow the "universal" relation. 6.1 ± 0.3 7.7 ± 0.2 6.7 ± 0.2 6.1 ± 0.2 5.3 ± 0.3 HKS3 ICF 0.05 ± 0.01 6.2 ± 0.1 7.5 ± 0.1 6.9 ± 0.2 6.0 ± 0.1 5.3 ± 0.1 CLOUDY 0.05 ± 0.02 6.3 ± 0.3 7.6 ± 0.2 6.6 ± 0.3 6.1 ± 0.2 5.3 ± 0.3 Average 0.05 ± 0.02 6.2 ± 0.2 7.5 ± 0.1 6.7 ± 0.2 6.0 ± 0.2 5.3 ± 0.2 HKS7 ICF 0.08 ± 0.01 5.9 ± 0.2 7.2 ± 0.2 6.4 ± 0.2 5.9 ± 0.1 5.1 ± 0.3 CLOUDY 0.07 ± 0.02 6.2 ± 0.3 7.6 ± 0.2 6.6 ± 0.3 6.0 ± 0.2 5.4 ± 0.3 Average 0.07 ± 0.02 6.1 ± 0.3 7.4 ± 0.2 6.5 ± 0.2 6.0 ± 0. Average values 0.05 ± 0.02 6.2 ± 0.1 7.6 ± 0.2 6.8 ± 0.3 6.0 ± 0.2 5.2 ± 0.2 3.6. The distribution of chemical abundances within the galaxy
As star formation in dwarf irregular galaxies is thought to be episodic, and the solid-body nature of the rotation inhibits efficient mixing, it is plausible that there are large abundance variations in different regions of a galaxy (Skillman et al. 1989 ). However, in several dwarf and low-mass galaxies it has been found that the O/H abundance appears surprisingly homogeneous. There are several explanations which can be considered, as described, for example, by Kobulnicky (1998) . This is true also in the case of Sextans A and Sextans B. The abundance of their best measured element, oxygen, has a low scatter in H  regions: the average value is 7.6 ± 0.2 for Sextans A and 7.8 ± 0.2 for Sextans B, being, therefore, consistent within errors with an uniform distribution.
Another aspect to be considered is the so called "abundance gap", which is the difference between the abundances of H  regions and PNe (cf. Richer et al. 1997) . Generally H  regions have larger O/H than PNe, because they belong to a younger population than the PN progenitors, which are not considered to produce large amount of oxygen, unless under "special" circumstances (see Sect. 4) . From the models of Richer et al. (1997) , this gap is expected to be as large as 0.2 or 0.3 dex, but it is a function of the metallicity and of the chemical history of the galaxy. Both in Sextans A and Sextans B this gap does not seem to be present (for Sextans A, we considered Ne/H instead of the oxygen abundance, which might be enhanced during the .0 ± 0.2 7.5 ± 0.1 6.6 ± 0.2 5.9 ± 0.2 5.3 ± 0.2 CLOUDY <0.05 6.1 ± 0.3 7.6 ± 0.1 6.5 ± 0.3 6.0 ± 0.2 5.3 ± 0.3 Average <0.05 6.0 ± 0.2 7.6 ± 0.1 6.5 ± 0.2 5.9 ± 0.4 5.3 ± 0.3 SHK2 ICF 0.12 ± 0.02 6.2 ± 0.2 7.5 ± 0.1 7.0 ± 0.2 6.2 ± 0. For Sextans A, its PN has a young, relatively massive progenitor and thus it is not surprising that it has abundances similar to those of H  regions.
For Sextans B, the old ages of the PNe progenitors estimated in Sect. 3.3, together with their homogeneous abundances, would indicate a very low chemical enrichment of the galaxy during a long period of time till the present. Determining with more accuracy the length of this period of low chemical enrichment (5-10 Gyrs?) is prevented by the significant uncertainties and approximations done in deriving the ages of the PN progenitors.
The average O/H abundances of HII regions in Sextans A and Sextans B are slightly different (7.6 ± 0.2 vs. and 7.8 ± 0.2, respectively), but they are within the errors and computed dispersion, and therefore no clear indication of a different chemical history can be drawn. In fact, as Sextans A and Sextans B have approximately the same V-luminosity and the same morphological type, considering the well known linear relationship between the metallicity and the luminosity of galaxies (see Pilyugin 2001) , they are expected to have the same O/H, within the dispersion of the empirical relationship. So the similar O/H abundances, in spite of quite different SFHs, seem to confirm that galaxies with a similar luminosity have similar metallicity and that the luminosity-metallicity relationship represents the ability of a given galaxy to keep the products of its own evolution rather than its ability to produce metals (Larson 1974 ).
The peculiar PN of Sextans A
The PN of Sextans A shows significant N/H and O/H overabundances with respect to the H  regions. N/H is generally enhanced in PNe by nucleosynthesis processes in the progenitor star. The large amount of N/H in this PN can be explained, as for type I PN in the Galaxy (Corradi & Schwarz 1995) , by a relatively high mass progenitor which produces and dredgesup nitrogen. On the other hand, the abundances of neon, sulphur, and argon, which are not expected to be varied by nucleosynthesis, are similar, within errors, to the average values of H  regions (or slightly lower, consistently with the fact the PN belongs to a slightly older stellar population). data for the central region where the PN is located (it should also be remembered that the PN progenitor may have been migrated from its original place of birth). Existing information from the literature appears contradictory, as while the three Atype supergiant stars located over a length of 0.8 kpc studied by Kaufer et al. (2004) Grebel et al. 2003) . However, the hypothesis that the progenitor of the PN has formed in a region of Sextans A with locally enhanced metallicity seems to be ruled out (or at least weakened) by the fact that only O/H is significantly higher than in HII regions, while the abundance of other elements which do not vary during stellar evolution of the PN progenitor, like sulphur, argon, and neon, are all very similar to those of the H  regions.
An alternative, interesting explanation is that O/H surface enrichment occurred during the evolution of the PN progenitor. This was first suggested by Leisy et al. (2002) for several PNe in the Magellanic Clouds and interpreted as a consequence of a dredge-up that depends on the metallicity of the PN progenitor and enriches of oxygen its surface. Indeed, contrary to "classical" stellar evolution theories, recent semi-analytical models do predict O enrichment by core processed material brought to the surface by the third dredge-up (cf. Marigo 2001; Herwig 2004 ). In the model of Marigo (2001) , the O production depends on several parameters: the metallicity (increasing at low metallicities), the mixing length, and the number of dredge-up episodes (which also increases at low metallicities because of the larger duration of the AGB phase). At a given progenitor mass of 2 M , Marigo (2001) found an increase of the total oxygen stellar yield of a factor 10, when lowering the initial metallicity from solar to Z = 0.004. The oxygen enrichment becomes important only for progenitors with M > 1.3 M . In a recent paper, Herwig (2004) computed intermediate mass (from 2 to 6 M ) stellar evolution tracks from the main sequence to the tip of the AGB for starts with extremely low metallicities, namely Z = 0.0001. These models predict that oxygen is enhanced in the envelopes of low metallicity AGB stars by the third dredge-up. The new model of Marigo (2004, private communication) , built for an initial metallicity Z = 0.001 (that of Sextans A), also predicts that the third dredge-up produces some oxygen enrichment, as seen by the slight decreasing trend of N/O with increasing He/H in Fig. 9 . In particular, for a PN with a progenitor of about 3.5 M and an initial metallicity of Z = 0.001, Marigo (2004) found that hot bottom burning and third dredge-up are present. The production of oxygen is essentially due to the third dredge-up and it amounts to about 0.4 dex, in (surprisingly good) agreement with the difference found between the PN and the H  regions of Sextans A. Concluding, our observations of the PN in Sextans A support the possibility that a significant oxygen surface enrichment can occur during the evolution of highest mass PN progenitors born in low metallicity environments.
This potentially important result is nevertheless based on the only known example of a PN with a high mass progenitor belonging to such a low metallicity galaxy as Sextans A. Confirming this results is an important objective of future observational research in the field.
Summary
In this paper we presented a homogeneous spectroscopic study of ionized nebulae (H  regions and PNe) representative of populations of different ages, in the two low-metallicity, dwarf irregular galaxies Sextans A and Sextans B. Our main results are: regions has a rms scatter of 0.2 dex, which is consistent, within the errors, with an uniform distribution; iii) the oxygen overabundance of the PN in Sextans A with respect to HII regions might indicate an efficient third dredge-up for massive, low-metallicity PN progenitors as predicted by models of Marigo (2001 Marigo ( , 2004 .
